Molecular modeling and site-directed mutagenesis of an anti-phosphotyrosine antibody predicts the combining site and allows the detection of higher affinity interactions.
Bacterially expressed Fv regions of the anti-phosphotyrosine antibody Py20 have been shown to have an affinity similar to the parent IgG. Previous studies revealed a requirement for both heavy and light chain variable regions, VH and VK joining amino acids and the heavy chain D region for high affinity binding. In order to identify amino acids which might play a role in complexing phosphotyrosine by this antibody, a molecular model for the Py20 Fv was generated using the 3-D crystal structure coordinates of a closely related IgG (R19.9) and the molecular modeling programs CHARMm and CONGEN. The resulting model was tested by mutational analysis. Twelve amino acid residues in both the Py20 heavy and light chain variable regions were altered and the effects of these mutations on phosphotyrosine recognition were determined by affinity chromatography, a competitive ELISA and an antigen overlay assay. The results from this analysis revealed that light chain tryptophan 96 and heavy chain arginines 99 and 59, both of two tyrosines 105 and 106 and a histidine 35 were necessary for high affinity binding. Surprisingly, changing the heavy chain tyrosines 105 and 106 individually resulted in an FV that bound phosphotyrosine with an apparent affinity 10-fold greater than the wild type molecule. Even though the 105 and 106 FVs are monovalent, they recognize tyrosine-phosphorylated proteins displayed on a Western blot as well as the intact IgG. Five other amino acid changes had no obvious effect on antigen binding in any of the assays used.